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A 58-year-old man presents with a 1-year history of chronic daytime fatigue, low libido, and diffi culty achieving erections. He is upset: his wife suspects him of having an extramarital affair because, in addition to problems with his sexual performance, he has not been wearing his wedding ring. The patient explains that the ring has become too small for his fi nger and that he has never cheated on his wife. His wife has also been complaining that he snores loudly at night.
The patient works as an accountant. He has no known allergies to medications and takes no medications or supplements. He has no surgical history. He has never smoked tobacco or abused illicit drugs. He drinks a glass of wine once a week.
His father died at age 78 of a myocardial infarction; his 86-year-old mother has hypertension. He has no siblings. His 28-year-old biological son is healthy.
Physical examination
His temperature is 97.9°F (36.6°C), blood pressure 150/90 mm Hg, heart rate 80 per minute, respiratory rate 12 per minute, and oxygen saturation 98% on room air. His height is 5 feet 11 inches (180 cm), weight 250 lb (113 kg), and body mass index 35 kg/m 2 . His forehead is wide with deep creases, his jaw, nose, and lower lip are prominent, and his tongue, hands, and feet are large. He has mild thyromegaly with no palpable nodules.
On cardiac examination, his point of maximal impulse is 3 cm lateral to the left midclavicular line in the fi fth intercostal space; he has normal S1 and S2 with no murmurs, rubs, or gallops. The lungs are clear on auscultation. His abdomen is soft, nontender, and nondistended; the liver is palpated 2 cm below the costal margin. His extremities are not edematous.
■ LABORATORY TESTING 1
In addition to a complete blood cell count and comprehensive metabolic panel, which is the most appropriate test to order?
□ Growth hormone (GH) level □ Insulin-like growth factor 1 (IGF-1) level □ GH and IGF-1 levels □ IGF-2 level Acromegaly, an overview The patient's history of snoring and daytime fatigue suggests obstructive sleep apnea, which together with his enlarging ring fi nger size, wide forehead with deep creases, prominent jaw, nose, and lower lip, and enlarged thyroid, heart, and liver suggests acromegaly.
This chronic progressive disease is characterized by excessive secretion of GH leading to increased synthesis of IGF-1, the main mediator of GH's effects. The end result is disproportionate growth of skeletal, soft, and organ tissue. 1 A list of acromegaly's clinical manifestations is shown in Table 1 . 2, 3 The disease is often associated with insulin resistance. 4 In most cases, acromegaly is caused by a GH-secreting pituitary adenoma. Rare causes include hypothalamic tumors that secrete GH-releasing hormone (GHRH) and ectopic secretion of GHRH or GH.
1 Pseudoacromegaly, a mimic, is characterized by acromegalic features without hypersecretion of GH and with normal IGF-1 levels. 4 The prevalence of acromegaly is 36 to 60 cases per million, and its annual incidence is 3 to 4 per million. 5 With this patient's presentation, the most appropriate next step is to order an IGF-1 level to screen for acromegaly.
GH secretion is pulsatile, IGF-1 secretion is not
GH is synthesized and stored in somatotroph cells, which account for more than 50% of pituitary hormone-secreting cells. 6 Three hormones regulate synthesis and secretion of GH: GHRH, ghrelin, and somatostatin. 7 GH secretion is pulsatile, with minimal basal secretion dependent on sex, age, neurotransmitters, exercise, and stress. 7 It exerts its physiologic effects through an interaction with the GH receptor, a single-chain transmembrane glycoprotein. 8, 9 A GH-secreting adenoma develops when pituitary somatotroph cells undergo a monoclonal expansion. Mutations of various genes such as GNAS, PRKAR1A, and AIP are suspected of triggering such expansion. Disruption of the MENIN gene leads to multiple endocrine neoplasia syndrome 1, a combination of pituitary adenoma, pancreatic tumor, and primary hyperparathyroidism. 9 The pattern of cytoplasmic keratin in somatotroph cells defi nes 2 histologic subtypes: densely granulated and sparsely granulated. The latter subtype is associated with more-invasive lesions that are seen more often in younger patients and are less responsive to somatostatin ligand therapy. 10 GH induces transcription of IGF-1, mostly in the liver. In contrast to GH, IGF-1 secretion is not pulsatile, and therefore IGF-1 can be measured more reliably in serum, and the results can be interpreted according to ageand sex-adjusted reference ranges.
The IGF-1 level is a very sensitive test, but it is not very specifi c. It can be falsely elevated in pregnancy, in patients on estrogen replacement therapy, and in late adolescence. 11 In addition, it may be diffi cult to interpret the IGF-1 level in the setting of malnutrition, severe hyperglycemia, renal or hepatic failure, and hypothyroidism. 11, 12 Nonpulsatile secretion and high sensitivity make the IGF-1 level the screening test of choice for acromegaly. 9, 12 In contrast, because of the pulsatile nature of GH synthesis, one cannot rely on a random GH level alone to detect the hormone's hypersecretion.
IGF-2 has no role in acromegaly IGF-2, produced mainly by the liver, plays an important role in promoting fetal growth. IGF-2 may induce hypoglycemia when secreted by some mesenchymal tumors. 13 This hormone has no role in the pathogenesis of acromegaly and should not be measured in this patient.
■ CASE CONTINUED: FURTHER TESTING
The patient's IGF-1 level is 590 ng/mL; the reference range for his age and sex is 68 to 245 ng/mL.
A sleep study confi rms obstructive sleep apnea, and the patient is started on continuous positive airway pressure at night, with some reduction of his fatigue.
TABLE 1

Clinical manifestations of acromegaly
Neurologic symptoms due to pituitary tumor's mass effect Visual fi eld defi cits, headache, cranial nerve palsies
Musculoskeletal system
Increased thickness of soft tissue of hands and feet (enlarging size of gloves and shoes, rings becoming too small), prognathism, jaw malocclusion, arthropathy and osteoarthritis (affects up to 75% of patients and is a leading cause of morbidity and disability in patients with acromegaly), carpal tunnel syndrome (present in about 64% of patients on presentation), proximal myopathy, hypertrophy of frontal bones (frontal bossing)
What is the most appropriate next step?
□ Order magnetic resonance imaging (MRI) of the pituitary with gadolinium contrast □ Perform a GH suppression test with a 75-g oral glucose load □ Perform a GH stimulation test □ Refer the patient to a neurosurgeon for a consultation
The most appropriate next step is a GH suppression test, performed by measuring the plasma GH level 2 hours after giving 75 g of glucose by mouth. This confi rmatory test is necessary because the IGF-1 level can be falsely elevated. The normal response to an oral glucose challenge is suppression of the GH level to below 1 μg/L. Failure to suppress GH confi rms the diagnosis of acromegaly.
14 A GH stimulation test with insulin-induced hypoglycemia or with GHRH-arginine would be appropriate if GH defi ciency were suspected rather than hypersecretion.
Imaging of the pituitary with MRI before obtaining biochemical confi rmation of the diagnosis of acromegaly may mislead the physician because MRI does not determine the functional status of a pituitary tumor. Correct treatment of a pituitary tumor depends on whether the tumor causes hypersecretion or defi ciency of any pituitary hormones.
Referral to a neurosurgeon for a consultation is premature until a biochemical diagnosis of acromegaly is made and a pituitary adenoma is subsequently demonstrated by imaging.
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The patient's GH level is 10 μg/L 2 hours after oral administration of 75 g of glucose.
□ Radiography of the skull to image the pituitary at a low cost □ MRI of the pituitary with contrast after making sure the patient's renal function is normal □ MRI of the pituitary without contrast □ Computed tomography of the head The next step is MRI of the pituitary with contrast (gadolinium) after obtaining blood urea nitrogen and creatinine measurements to make sure the patient's renal function is normal.
14 Gadolinium contrast is contraindicated in patients with severely reduced renal function (glomerular fi ltration rate < 30 mL/min/1.73 m 2 ) because of the risk of nephrogenic systemic fi brosis. In such a case, MRI without contrast would be appropriate.
MRI is the most sensitive imaging test for detecting a pituitary adenoma, as it can detect tumors as small as 2 mm. A pituitary macroadenoma (> 10 mm in diameter) is detected in more than 75% of patients with acromegaly at diagnosis. The tumor often invades one or both cavernous sinuses or extends to the suprasellar region, possibly impinging on the optic chiasm. 15 If MRI is contraindicated, computed tomography of the head should be performed.
■ CASE CONTINUED: IMAGING
The patient's comprehensive metabolic panel is normal, but his fasting plasma glucose is 135 mg/dL (reference range 74-99). Pituitary MRI with contrast shows a 3-cm pituitary adenoma with suprasellar extension, impinging on the optic chiasm and invading the right cavernous sinus.
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In addition to repeating the fasting plasma glucose and measuring hemoglobin A 1c , what is the most appropriate next step in managing this patient?
□ Measure the prolactin, morning serum cortisol, total testosterone, folliclestimulating hormone (FSH), luteinizing hormone (LH), thyroid-stimulating hormone (TSH), and free thyroxine (T4) levels; refer the patient to an ophthalmologist for a formal evaluation of visual fi elds □ Measure these hormone levels; perform a gross evaluation of the visual fi elds and refer the patient to an ophthalmologist only if visual fi eld defi cits are found on the gross examination □ Measure these hormone levels;
refer the patient to an ophthalmologist only if he complains of vision changes □ Do not order any additional tests; instruct the patient to call the offi ce if he develops any vision changes
This patient should have all of these hormones His forehead is wide with deep creases; his jaw, nose, and lower lip are prominent measured. In addition, given that his macroadenoma is impinging on the optic chiasm, he should be referred to an ophthalmologist for a formal evaluation of visual fi elds even if the latter are intact on gross examination and even if the patient does not complain of any visual changes.
Abnormalities of hormones other than GH and IGF-1 in acromegaly
Secretion of pituitary hormones other than GH and IGF-1 must be assessed.
Prolactin. GH-secreting tumors also secrete prolactin in up to one-third of patients, with the resulting hyperprolactinemia contributing to hypogonadism.
11 Prolactin hypersecretion should be distinguished from hyperprolactinemia caused by pituitary stalk compression, which may be evident on MRI.
Measuring the serum prolactin level with 1:100 dilution to counteract the "hook effect" may unmask severe hyperprolactinemia due to a large macroprolactinoma. (The hook effect 
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occurs when the prolactin level is so high that there is not enough antibody in the assay to bind both ends of all the prolactin molecules present, causing the reading to be falsely low.).
Cortisol, T4, testosterone. Patients with acromegaly may develop central adrenal insuffi ciency, central hypothyroidism, and central hypogonadism; these hormonal defi cits may occur in isolation or in combination.
Also, patients should be assessed for comorbidities such as colon cancer (all patients with acromegaly require a colonoscopy, as acromegaly raises the risk of colon cancer), diabetes mellitus, hypertension, cardiomyopathy, and sleep apnea.
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Visual fi eld loss may be insidious All patients with a pituitary macroadenoma that abuts the optic chiasm should be referred to an ophthalmologist for a formal evaluation of visual fi elds. If there is a clear space between the tumor and the chiasm, such an evaluation is not necessary. Because these tumors develop insidiously, patients may not be aware of any changes in their vision.
The diagnostic and treatment algorithm for acromegaly is summarized in The patient is started on metformin 500 mg by mouth twice a day, counseled on a healthy diet, and informed that his diabetes may be a complication of his acromegaly. He is anxious to learn how his acromegaly can be treated.
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What treatment would you recommend for the patient's acromegaly? The initial treatment of choice for most patients with acromegaly is resection of the pituitary tumor. A transsphenoidal approach is used for most patients; only rarely is craniotomy necessary. Endoscopic and microsurgical techniques reduce postoperative morbidity. 17 Postoperative complications include symptoms related to the transsphenoidal approach (nasal congestion, sinusitis, epistaxis), cerebrospinal fl uid leak, hemorrhage, meningitis, stroke, visual impairment, vascular damage, transient or permanent diabetes insipidus, and hypopituitarism. The surgical mortality rate is less than 0.5%. 18, 19 Successful resection of a pituitary tumor would lead to normalization of the IGF-1 level, a drop of the GH level to below 1 μg/L, and relief of the effect of the tumor pressing against other structures. An IGF-1 level and a random GH level should be obtained 12 weeks after the surgery.
14 If the GH level is higher than 1 μg/L, a GH suppression test with a 75-g oral glucose load should be performed.
14 MRI of the sella turcica should be done 12 weeks after surgery to visualize residual tumor and adjacent structures.
14 A large tumor size, suprasellar extension, and high preoperative levels of IGF-1 and GH are associated with a lack of surgical success; however, surgical debulking should still be considered in patients with a low chance for surgical cure to improve the probability of achieving biochemical remission with postoperative medical and radiologic therapy. 20 Medical therapy can be the initial treatment if the patient refuses surgery or if surgery is conGadolinium contrast is contraindicated if GFR is < 30 mL/min/17.3 m traindicated because of severe comorbidities or because structural features of the tumor confer a high surgical risk (eg, if the adenoma encases the cavernous portion of a carotid artery). 13 Medical therapy may shrink the tumor in some patients and may thereby make surgical resection easier and more likely to be successful. Radiotherapy is usually reserved for patients whose tumors recur or persist postoperatively and who are resistant to or intolerant of medical therapy. 14 The soft tissue changes caused by acromegaly may regress with treatment to some degree, but they are not likely to resolve completely; the bone changes do not regress. A novel SRL with enhanced binding to more somatostatin receptors than the other SRLs. Associated with hyperglycemia in 57% of patients (see Table 3 ).
Human GH receptor antagonist
Pegvisomant 10-40 mg subcutaneously daily 63% Usually, no change, but tumor growth may occur in 3%-5% of patients
Can be combined with an SRL. IGF-1 but not GH should be used as a marker of effi cacy. Improves glycemic control, useful when comorbid diabetes mellitus is present. Very expensive. An SRL such as octreotide would be the best choice for this patient. The medical options for acromegaly are SRLs, pegvisomant, and cabergoline. [21] [22] [23] The Endocrine Society guidelines recommend either an SRL or pegvisomant as the initial adjuvant medical therapy in patients with persistent disease after surgery.
Dopamine agonist
14 However, Cabergoline, a dopamine agonist, should be tried as the initial adjuvant medical therapy in patients with only modest elevations of serum IGF-1 and mild signs and symptoms of acromegaly.
14 Pegvisomant or cabergoline can be added to an SRL in patients who have an inadequate response to an SRL.
14 Combination therapy would be premature in this patient.
The medical treatment of acromegaly is summarized in Table 2. 14,15 Side effects of the medications used to treat acromegaly are summarized in Table 3 . 14 
■ CASE CONTINUED: RADIOTHERAPY
The patient is treated with octreotide, and the dose is subsequently titrated upward. His central hypogonadism is treated with testosterone gel. After 3 months, his IGF-1 level decreases to 190 ng/mL, the total testosterone increases to 450 ng/dL, and the hemoglobin A 1c decreases to 5.9%.
The patient asks if stereotactic radiotherapy, which he read about on the Internet, can cure his acromegaly so that he can avoid the monthly octreotide injections.
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Which statement best describes radiotherapy's therapeutic effect in acromegaly?
□ Stereotactic radiotherapy is more effective than medical therapy and should be used as a second-line treatment after surgery □ Stereotactic radiotherapy is less effective than conventional radiotherapy □ Stereotactic radiotherapy leads to stability or a decrease in the size of the GH-secreting tumor in 93% to 100% of patients in 5 to 10 years and to biochemical remission in 40% to 60% of patients at 5 years □ Stereotactic radiotherapy causes hypopituitarism in no more than 1% of patients Stereotactic radiotherapy leads to stability or a decrease in the size of the GH-secreting tumor in 93% to 100% of patients in 5 to 10 years and biochemical remission in 40% to 60% of patients at 5 years. 24, 25 Hypopituitarism develops in up to 50% of patients at 5 years, and its incidence increases with the duration of follow-up. 24 The risk of other complications is low (0% to 5% for new visual defi cits, cranial nerve damage, or brain radionecrosis, and 0% to 1% for secondary brain tumors). 24 Conventional radiotherapy has fallen out of favor because it is associated with an increased risk of death (mainly from stroke) independent of IGF-1 and GH levels, and a higher rate of complications than stereotactic radiotherapy. 14, 16 Radiotherapy is reserved for postsurgical treatment of patients with recurrent or persistent tumors who are resistant to or cannot tolerate medical therapy; it is the third-line treatment. 24 Given that our patient responded to the medical therapy and tolerated it well and given the high risk of hypopituitarism associated with stereotactic radiotherapy, the latter would not be appropriate for the patient.
His fatigue has diminished further and his sexual performance has improved. He is still married and his wife no longer suspects him of infi delity.
■ KEY POINTS
• IGF-1 is the screening test of choice in a patient with signs and symptoms of acromegaly. 
